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Cytostatic activityAbstract In the present work, we report the biosynthesis of Au nanoparticles using fruit extract of
Ribes nigrum. First, the synthesis of gold nanoparticles was performed, and then the structural char-
acteristics, antimicrobial activity and cytotoxicity were assessed. The structural properties of
biosynthesized gold nanoparticles were characterized by UV–Vis spectroscopy, Atomic Force
Microscopy (AFM) measurements, Scanning Electron Microscopy (SEM), Transmission Electron
Microscopy (TEM) and Fourier Transform Infrared Spectroscopy (FTIR). The antimicrobial prop-
erties of synthesized Au nanoparticles were tested against standard and clinical strains of bacteria
(Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli), yeast (Candida albicans) and fil-
amentous fungi (Aspergillus niger, Trichophyton rubrum). The conducted studies constitute the basis
for further investigations of the potential use of nanogold as chemotherapeutics.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Green-mediated synthesis and characterization of nanoparticles have
emerged as a significant division of nanotechnology in the last decade
(Malarkodi et al., 2013). Metal nanoparticles, especially the noble
metals, have mainly been studied because of their strong optical
absorption in the visible region caused by the collective excitation of
free-electron gas (Mohamed et al., 2000). Gold nanoparticles have
attracted the attention of many researchers interested in the field due
to their applications (Suman et al., 2014). Gold nanoparticles are being
viewed as fundamental building blocks of nanotechnology. Also, the
gold nanoparticles are employed in many fields: biosensing, catalysis,nigrum.
2 R. Dobrucka et al.electronics, enzyme electrodes, super conductors and cancer therapy
(Geetha et al., 2013). The green synthesis of nanoparticles could be
an improved alternative to toxic chemicals and the expensive physical
methods. Also, there have been numerous reports on the synthesis of
gold nanoparticles using plant materials as nanofactories (Aromal
et al., 2012). In the current literature, there are many examples of
synthesis of gold nanoparticles using plant like Pelargonium graveolens
(Shankar et al., 2003), Couroupita guianensis (Geetha et al., 2013),
Morinda citrifolia (Suman et al., 2014), Punica granatum
(Basavegowda et al., 2013), Salvia officinalis (Fierascu et al., 2010),
Azadirachta indica (Bindhani and Panigrahi, 2014), Bauhinia tomentosa
Linn (Mukundan et al., 2005), Magnolia Kobus (Song et al., 2009).
In this study method of synthesis gold nanoparticles using fruit
extract of Ribes nigrum was presented. As is well known, Ribes nigrum
is source of high amounts of anthocyanin (Bishayee et al., 2010). The
study was based on fruit extract of Ribes nigrum. This is due to the fact
that anthocyanins are found mainly in flowers, fruits, stems and rarely
in roots and wood. According to Slimestad and Solheim (2002) R.
nigrum L. fruits contain high amounts of anthocyanins
(250 mg/100 g fresh fruit) such as the 3-O-glucosides, the 3-O-
rutinosides of pelargonidin, cyanidin, peonidin, delphinidin, petunidin,
malvidin, cyanidin 3-O-arabinoside, and the 3-O-(600-p-
coumaroylglucoside)s of cyanidin and delphinidin. R. nigrum extract
has been found to be the most effective antioxidant among different
berry extracts studied for their free radical scavenging activity
(Amakura et al., 2000). Moreover, the fruit of R. nigrum is rich in vita-
mins C and B, pectins and sugars. Due to the characteristics of the bio-
logically active compounds, fruit extract of Ribes nigrum L. was used
against influenza A and B viruses (Knox et al., 2001). Moreover,
according to the world literature, the anthocyanins extracted from
blackcurrants considerably decrease the level of total cholesterol,
LDL cholesterol and VLDL cholesterol (Nielsen et al., 2005).2. Materials and methods
2.1. Synthesis of Au nanoparticles
The fruit of R. nigrum was collected from Wielkopolska,
Poland. To prepare the extract, 3 g powder of R. nigrum fruit
was boiled with 130 mL distilled water during 50 min in tem-
perature 90 C. Prepared clear extracts of R. nigrum fruit were
used for the synthesis of Au nanoparticles. 20 mL extract was
mixed with 0.3 mM HAuCl4 in ratio 1:1. The solution was stir-
ring 24 h in darkness.
2.2. Characterization of Au nanoparticles
The sample was measured for its maximum absorbance using
UV–Vis spectrophotometry. The optical property of synthe-
sized gold nanoparticles was analyzed via ultraviolet and visi-
ble absorption spectroscopy (spectrophotometer Cary E 500)
in the range 400–700 nm. The binding properties of synthe-
sized Au nanoparticles were investigated by Fourier Trans-
form Infrared Spectroscopy analysis. Characterization
involved (FTIR) analysis of the dried powder of synthesized
Au nanoparticles by Perkin Elmer Spectrum 1000 in attenu-
ated total reflection mode and using spectral range of 4000–
380 cm1 with a resolution of 4 cm1. The structures of Au
nanoparticles were characterized using a Transmission electron
microscope JEOL JEM 1200 EXII, operating at 80 kV. Sur-
face morphology of the synthesized Au nanoparticles was
studied by Atomic Force Microscopy (AFM: Agilent 5500)
analysis. The size of synthesized Au nanoparticles werePlease cite this article in press as: Dobrucka, R. et al., Antimicrobial and cytostatic a
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FEG 250 (FEI) (see Fig. 1).
2.3. Antimicrobial activity of Au nanoparticles
Standard strains of bacteria (Staphylococcus aureus NCTC
4163, Pseudomonas aeruginosa NCTC 6749, Escherichia coli
ATCC 25922) and clinical strains (Pseudomonas aeruginosa
K1, Staphylococcus aureus K1) were tested against actions of
synthesized gold nanoparticles. In the study used yeast (Can-
dida albicans ATCC 10231 – standard strain, Candida albicans
K1 – clinical strains) and filamentous fungi (molds: Aspergillus
niger ATCC 16404, dermatophytes: Trichophyton rubrum
ATCC 28188) were used. The selected strains are typical repre-
sentatives of large microbial taxonomic lineages. The standard
strains were obtained from the National Collection of Type
Cultures (NCTC) and American Type Culture Collection
(ATCC). The clinical strains were isolated between 2012 and
2013 in the University Hospital of Lord’s Transfiguration
(Poznan, Poland). They were isolated from sputum (P. aerug-
inosa), wound swab (S. aureus) and blood (C. albicans). The
test organisms were selected because of their clinical impor-
tance. The strains of bacteria and C. albicans were stored in
Microbank cryogenic vials (ProLabDiagnostics, Canada) at
70 C± 10 C. The filamentous fungi were placed on the
slants of Sabouraud dextrose agar (SDA; Merck, Germany)
at the temperature of 10 C. The bacteria and C. albicans cul-
tures were grown for 18 h in Brain Heart Infusion broth (BHI,
BioMerieux, France) at 34 C. When the period of incubation
was completed, each culture was diluted in a suitable liquid
medium (bacteria – Mueller–Hinton broth (MHB; Oxoid,
UK); C. albicans – Sabouraud dextrose broth (SDB; Merck,
Germany), which resulted in obtaining a suspension that con-
tained about 5  106 CFU/mL. Filamentous fungi were inocu-
lated on Sabouraud dextrose agar and incubated at 34 C for
the period of 5 days to 3 weeks for adequate sporulation. After
incubation, cultures were covered with sterile 0.9% NaCl solu-
tion supplemented with 0.1% Tween 80, carefully rubbed with
a sterile cotton swab and transferred to a sterile flask. Suspen-
sions were homogenized and filtered. Number of spores in the
suspension was determined using serial dilution method.
Before using, the suspension was diluted in Sabouraud dex-
trose broth to obtain final suspension containing 2–5  106
spores per mL. In order to examine the antimicrobial proper-
ties of products, the study used the macrodilution method
according to the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) with modifications, using
Mueller–Hinton broth (MHB; Oxoid, UK) for bacteria and
Sabouraud dextrose broth (SDB; Merck, Germany) for fungi.
Briefly, 1 mL of serial twofold dilutions of Au nanoparticles
was inoculated with a 0.1 mL of standardized suspension of
test microorganism to obtain a final concentration of
5  105 CFU/mL (bacteria) and 2.5–1.0  105 CFU/mL
(fungi). Following incubation (24 h – bacteria and C. albicans,
48 h – A. niger, 72 h – T. rubrum), the MIC was read as the
lowest concentration that visually inhibited growth as evi-
denced by the absence of turbidity. Bactericidal and fungicidal
concentration was determined as a result of the MIC test.
After performing MIC test and recording the MIC end point,
every tube that showed no growth (concentration equal to and
greater than MIC) was subcultured onto an agar medium:ctivity of biosynthesized nanogold prepared using fruit extract of Ribes nigrum.
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Figure 1 The UV–Vis absorption spectra for synthesized gold nanoparticles using fruit extract of Ribes nigrum.
Antimicrobial and cytostatic activity of biosynthesized nanogold 3Trypticase soy agar (TSA; BioMerieux) – bacteria; Sabouraud
dextrose agar (SDA; Merck, Germany) – fungi. The plates
were incubated at 34 ± 1 C for 24 h (bacteria and C. albicans)
and 48 h (A. niger) or 72 h (T. rubrum). The MBC/MFC was
defined as the lowest concentration at which no growth was
observed. Control experiments were carried out under similar
condition by using fruit extract of R. nigrum.
2.4. Evaluation of cell proliferative activity of Au nanoparticles
2.4.1. Established cell lines
The influence of the synthesized gold nanoparticles using fruit
extract of Ribes nigrum on human cells in vitro was evaluated
with the use of two established human cell lines. For this
purpose the adherent fibroblast cells CCD-39Lu (ATCC
CRL-1498TM) isolated from lungs and adherent epithelial
cells of human non-small cell lung cancer A549 (ATCC
CCL-185TM) were used. Cell lines were grown on 24-Well flat-
bottom plates (TC-PLATE 24 well, Greiner) in RPMI-1640
medium supplemented with 10% FBS and 2 mM L-glutamine
without antibiotics. Cells were allowed at 37 C in an incuba-
tor in a humidified atmosphere of 5% CO2.
2.4.2. Assessment of the cell cycle with the use of the propidium
iodide (PI)
Cells were cultured in the presence of a test substance for 24,
48 and 72 h. Proliferative activity was tested on the basis of
the percentage of cells in S phase of the cell cycle. Additionally,
the percentage of cells in the G2/M phase and percentage of
dead cells were assessed. Percentage of cells was determined
on the basis of the mean fluorescence intensity (MFI) emitted
by fluorochrome named propidium iodide (PI), which interca-
lates into DNA of replicating cells. Intensity of the fluores-
cence emitted by PI is proportional to the proliferative
activity. Cell suspensions were transferred onto culture plates
in concentration of 4  104 cells per well. After 24 h, when
the cells adhere to the surface of the plate, the culture medium
was changed and the tested substance in suspension with fresh
medium was added in the following quantities: 100 lM, 10 lM
and 1 lM. Control solution was a fully supplemented culture
medium without test substance. Cells were incubated in tripli-
cate for 24, 48, and 72 h. For the test with PI, cells were har-
vested from plates and resuspended in 600 lL of cold
permeabilization buffer containing RPMI 1640 culture med-
ium, 2% fetal bovine serum (FBS) and 1% saponin (Sigma).Please cite this article in press as: Dobrucka, R. et al., Antimicrobial and cytostatic a
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5 min at 4 C. Next, cell pellets were resuspended in 1 mL cold
PBS containing 10 mg/mL propidium iodide (Sigma) and
100 U/mL RNase enzyme (Boehringer Mannheim) and incu-
bated for 30 min at 4 C protected from light. Finally, the sam-
ples were added to acquisition with use of flow cytometer
FACS Canto (Becton Dickinson), and percentages of cells in
each phases of cell cycle were calculated using FACS Diva
software (Becton Dickinson).
2.5. Statistical analysis
The result of antimicrobial activity was analyzed using
Kruskal–Wallis test. p-value < 0.05 was considered as
significant. The software STATISTICA was employed for
the statistical analysis.
3. Results and discussion
3.1. UV–Vis analysis of gold nanoparticles
The formation of synthesized gold nanoparticles using fruit
extract of R. nigrum was monitored using UV–Vis spectral
analysis. As it is well known, UV–Vis spectroscopy is the most
widely used technique for structural characterization nanopar-
ticles. Also, absorbance of synthesized gold nanoparticles was
monitored after 24 h of reaction. The absorbance of prepared
solution was measured in a wavelength range from 400 to
700 nm. Absorption spectra of the reaction media have absor-
bance at 537 nm which confirmed the presence of synthesized
gold nanoparticles
3.2. FTIR analysis of gold nanoparticles
The obtained results were supported by the shifts and differ-
ence in areas of the peaks in the Fourier transform infrared
spectroscopy (FTIR) analysis. The explanation of the FTIR
spectra involves the correlation of the absorption bands (vibra-
tional bands) with the chemical compounds in the used sample.
This way, the study identified the biomolecules present in
extracts of R. nigrum fruit that are responsible for the reduc-
tion and stabilization processes of the green synthesis of
nanoparticles. Also, in the sample the peaks at 3307 cm1,
2140 cm1, 1634 cm1, 426 cm1 and 398 cm1 were observed.
The band at 3307 cm1 corresponds to hydroxyl groups ofctivity of biosynthesized nanogold prepared using fruit extract of Ribes nigrum.
4 R. Dobrucka et al.alcohols and phenols. The peaks at 2140 cm1 and 1634 cm1
are characteristic of the double bonds such as C‚C, C‚O,
C‚C, C‚N. These bindings indicate the presence of bioactive
compounds such polyphenols, anthocyanins, vitamin C and B
present in fruit of R. nigrum. Also, FTIR spectra confirm the
presence of compounds that are able to bioreduce nanogold
(see Fig. 2).
3.3. TEM analysis of gold nanoparticles
Transmission Electron Microscopy (TEM) images were used
to characterize the size, shape and morphology of the particles.
The TEM images present an approval with the UV–Vis
absorption spectra. Fig. 3a (scale 100 nm) and b (scale
50 nm) presents gold nanoparticles with hexagonal, triangle
and spheres shapes. However, triangle and sphere shapes were
more in samples. The average particle size measured for syn-
thesized gold nanoparticles was observed to be 20 nm.
3.4. SEM analysis of gold nanoparticles
The morphology of the synthesized gold nanoparticles using
fruit extract of R. nigrum was verified by scanning electron
microscope (SEM) Quanta FEG 250 (FEI). Fig. 4a (magnifica-4000.0 3600 3200 2800 2400 2000 1800
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Figure 2 FTIR spectra of nano-gold
Figure 3 TEM images of synthesized gold nanoparticles using fru
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and 4c (magnification value of 300,000) presents synthesized
gold nanoparticles. Fig. 4d presents a SEM image at a magni-
fication of 300,000 with selected typical diameters of
nanoparticles. The selected sizes of the nanoparticles are from
16.97 nm to 23.66 nm.
3.5. AFM analysis of gold nanoparticles
Surface morphology of the synthesized gold nanoparticles
using fruit extract of R. nigrum was studied by Atomic Force
Microscopy (AFM) analysis. The measurement of the diame-
ter of particles was performed on the basis of the measurement
of the particles’ height against the background and read from
the intersections of AFM topography. The diameter of parti-
cles, determined on the basis of 10 measurements, was 12.7
± 3.2 nm. This result is consistent with the measurement of
particle diameter using SEM microscopy. Fig. 5(a–d) presents
the AFM images of synthesized gold nanoparticles using fruit
extract of R. nigrum. Fig. 5a and b shows the topography and
phase image for AFM 5 lm  5 lm. Fig. 5c and d shows the
topography and phase image for AFM 1 lm  1 lm.
Fig. 5e and f shows the intersection of two different particles
for AFM 1 lm  1 lm.1600 1400 1200 1000 800 600 380.0
m-1
34.70897
426.93614
398.63440
using fruit extract of Ribes nigrum.
it extract of Ribes nigrum (a) scale 100 nm and (b) scale 50 nm.
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(a) magnification value of 50 000x (b) magnification value of 100 000x
(c) magnification value of 300 000x (d) magnification value of 300 000x with diameters
Figure 4 SEM of synthesized gold nanoparticles using fruit extract of Ribes nigrum (a) magnification value of 50,000, (b) magnification
value of 100,000, (c) magnification value of 300,000 and (d) magnification value of 300,000 with diameters of AuNPs.
Antimicrobial and cytostatic activity of biosynthesized nanogold 5The results of the synthesized gold nanoparticles obtained
by means of the AFM method confirm the diameters of parti-
cles measured by means of TEM and SEM microscopy. This
proves the effectiveness of the use of fruit extract of R. nigrum
as an effective medium for the synthesis of gold nanoparticles.
Furthermore, it is significant that the range of particle sizes is
not wide, despite the fact that it is a plant material.3.6. Antimicrobial activity of gold nanoparticles
In this study, efficient antimicrobial activity of gold nanopar-
ticles synthesized using fruit extract of R. nigrum was found
against all tested strains (Table 1).
The synthesized gold nanoparticles showed quite similar
inhibition activity with MIC of 13–26 lg/mL (p-value
> 0.05) depending on the tested microorganisms and the
species. AuO nanoparticles showed excellent bactericidal
activity (the MBC values were only one dilution higher than
MIC) and fungicidal activity against dermatophytes T. rubrum
ATCC 28188 (MFC was equal MIC). MFC values for stan-
dard and clinical strains of C. albicans and A. niger ATCC
16404 were higher than the highest tested concentration of
AuO nanoparticles. Fruit extract of R. nigrum did not show
any inhibition in control study (data no shown) which sug-
gested that the antimicrobial activity was especially due to gold
nanoparticles. The antimicrobial activity of the tested gold
nanoparticles was lower than used as the control amikacinPlease cite this article in press as: Dobrucka, R. et al., Antimicrobial and cytostatic a
Arabian Journal of Chemistry (2016), http://dx.doi.org/10.1016/j.arabjc.2016.02.009and nystatin; however, results indicate these biologically syn-
thesized Au nanoparticles demonstrate very good antimicro-
bial effects against both bacteria and fungi. According to
Bindhu and Umadevi (2014), nanoparticle applications in
medicine depend on the size and the composition of the
nanoparticles. Moreover, the antibacterial effect of gold
nanoparticles on microorganisms may be held through their
electrostatic attraction of positive charged gold and negative
charged cell surface of microorganism. Eom et al. (2012) sug-
gested that nanogold particles can penetrate and can disrupt
the membranes of bacteria. These nanoparticles decreased
the ATP levels. Moreover, The phospholipid portion of the
bacterial membrane may also be the site of action for the nano-
gold. Rai et al. (2010) reported gold nanoparticles generate
holes in the cell wall, resulting in the fact that leakage of cell
contents leads to death, and in another way it can bind to
the DNA of bacteria and inhibit the DNA transcription.
Because gold nanoparticles closely bind to surface of the
microorganisms causing visible damage to the cells, it can min-
imize the treatment durations and side effects of drugs
(Zawrah et al., 2011). Also, the gold nanoparticles are cur-
rently intensively investigated because of their promising fea-
tures for the treatment of cancer. Physico-chemical
properties of nanogold are used to create new drugs or agents
which serve as carriers for drugs. Except the size of gold
nanoparticles, their main feature used in anticancer therapy
is the cytotoxicity, which was confirmed in recent studies
(Sharma et al., 2015).ctivity of biosynthesized nanogold prepared using fruit extract of Ribes nigrum.
(a) The topography 5μm x 5μm (b) The  phase image for AFM 5 μm x 5 μm
(c) The topography 1μm x 1μm (d) The  phase image for AFM 1 1μm x 1 μm
(e) The intersection (for Z=10 nm) 1μm x 1 μm  (f)  The intersection (for Z=16 nm) 1μm x 1 μm
Figure 5 AFM image of synthesized gold nanoparticles using fruit extract of Ribes nigrum (a and b) the topography and the phase image
for AFM 5 lm  5 lm, (c and d) the topography and the phase image for AFM 1 lm  1 lm and (e and f) intersection of two different
particles for AFM 1 lm  1 lm.
6 R. Dobrucka et al.3.7. Evaluation of cell proliferative activity of gold nanoparticles
The results of performed analysis indicate, that the gold
nanoparticles synthesized using fruit extract of R. nigrum
may have influence on different types of cells in different man-
ner. This impact was related to concentration of used factorPlease cite this article in press as: Dobrucka, R. et al., Antimicrobial and cytostatic a
Arabian Journal of Chemistry (2016), http://dx.doi.org/10.1016/j.arabjc.2016.02.009and was time-dependent, however always leads to the cell
death. Independently from type of cells, both malignant
endothelial non-small cell lung cancer cells A549 and
non-malignant mesodermal lung fibroblasts CCD-39Lu after
contact with gold nanoparticles were dying. However, the
pathways that led to death state were different. Evaluation ofctivity of biosynthesized nanogold prepared using fruit extract of Ribes nigrum.
Table 1 Antimicrobial activity of gold nanoparticles synthesized using fruit extract of Ribes nigrum.
Tested microorganisms Au nanoparticles Amikacin Nystatin
MIC (lg/mL) MBC/MFC
(lg/mL)
MIC (lg/mL) MBC (lg/mL) MIC (lg/mL) MFC (lg/mL)
Staphylococcus aureus NCTC 4163 13 26 2 2 NT NT
Pseudomonas aeruginosa NCTC 6749 13 26 2 2 NT NT
Escherichia coli ATCC 25922 13 26 2 2 NT NT
Staphylococcus aureus K1 13 26 2 2 NT NT
Pseudomonas aeruginosa K1 13 26 4 4 NT NT
Candida albicans ATCC 10231 26 >52 NT NT 8 16
Candida albicans K1 26 >52 NT NT 16 32
Trichophyton rubrum ATCC 28188 26 26 NT NT 8 32
Aspergillus niger ATCC 16404 26 >52 NT NT 32 1024
MIC – Minimal Inhibitory Concentration, MBC – Minimal Bactericidal Concentration, MFC – Minimal Fungicidal Concentration, NT – not
tested.
Figure 6 Scattergrams indicate the number of viable cells during various stages of culture. Histograms representing the analysis of the
cell cycle per unit time. Marked regions show particular phases of the cell cycle, with special emphasis of percentage of the dead cells.
Antimicrobial and cytostatic activity of biosynthesized nanogold 7the cell cycle, performed in the course of these studies,
indicated a different sensitivity of malignant and non-malignant
cells in particular phases. The analysis of the cell cycle is
focused mainly on the S and G2/M phase, but can also provide
a proportion of dead cells. During the S-phase cells replicate
DNA and in the G2/M phase cells are prepared to mitosis.
Studied cell lines were cultured in the presence of synthesized
gold nanoparticles, which was added with culture medium in
concentration 1 lM, 10 lM and 100 lM. In the course of
culture under the influence of gold nanoparticles the number
of viable cells was dramatically diminished, while increasing
the percentage of dead cells, both A549 and CCD-39Lu
(Fig. 6).Please cite this article in press as: Dobrucka, R. et al., Antimicrobial and cytostatic a
Arabian Journal of Chemistry (2016), http://dx.doi.org/10.1016/j.arabjc.2016.02.009However, more detailed analysis indicated differences in the
percentage of cells in S and G2/M phrases. Under the influence
of gold nanoparticles synthesized using fruit extract of R.
nigrum the A549 and CCD-39Lu cells revealed completely dif-
ferent pattern of the activation in the S-phase. The A549 cells
simultaneously with increasing concentration of Au nanoparti-
cles were more activated than CCD-39Lu cells, which activa-
tion was decreased, until complete inhibition in the 48 and
72 h. Similar effect was observed in the G2/M phase, where
CCD-39Lu cells under the influence of 100 lM gold nanopar-
ticles were inhibited already after 24 h of culture. Lower con-
centrations of the synthesized gold nanoparticles caused a
similar effect in the longer time period, especially 10 lM, butctivity of biosynthesized nanogold prepared using fruit extract of Ribes nigrum.
Figure 7 Percentage of A549 and CCD39-Lu cells cultured in the presence of the synthesized gold nanoparticles using fruit extract of
Ribes nigrum in the S and G2/M phases of a cell cycle and a proportion of a dead cells, measured in various periods of time.
8 R. Dobrucka et al.it was not as spectacular. Au nanoparticles at a 100 lM
concentration inhibited vital functions of CCD-39Lu cells
already at the S phase, whereas A549 cells were directed on
programmed death pathway in the G2/M phase. Finally, both
the A549 and CCD39-Lu cells under the influence of the high-
est concentration of gold nanoparticles synthesized using fruit
extract of R. nigrum showed a maximum mortality, that for the
CCD-39Lu cells was 100% (Fig. 7).
4. Conclusion
In the present study, we demonstrated green synthesis of gold
nanoparticles using fruit extract of Ribes nigrum. The biosynthesized
Au nanoparticles were characterized by UV–Visible, Fourier
Transform Infrared Spectroscopy (FTIR), Transmission Electron
Microscopy (TEM), Atomic Force Microscopy (AFM) measurements
and Scanning Electron Microscopy (SEM). Application of these
techniques confirmed the effectiveness of use of extract of Ribes
nigrum fruit for the biosynthesis of gold nanoparticles. Base on the
study, the prepared gold nanoparticles using fruit extract of Ribes
nigrum offer effective bioactive factor for growth inhibition of bacteria
and fungi. The conducted studies constitute the basis for further
investigations of the potential use of nanogold as chemotherapeutics.
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